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MANAGEMENT OF COMPUTING DEVICES
PROCESSING WORKFLOW STAGES OF A
RESOURCE DEPENDENT WORKFLOW

BACKGROUND

Generally described, computing devices utilize a commu-
nication network, or a series of communication networks, to
exchange data. Companies and organizations operate com-
puter networks that interconnect a number of computing
devices to support operations or provide services to third
parties. The computing systems can be located in a single
geographic location or located in multiple, distinct geo-
graphic locations (e.g., interconnected via private or public
communication networks). Specifically, data centers or data
processing centers, herein generally referred to as a “data
center,” may include a number of interconnected computing
systems to provide computing resources to users of the data
center. The data centers may be private data centers operated
on behalf of an organization or public data centers operated
on behalf, or for the benefit of, the general public.

Computing systems within a data center may process
workflows in order to perform various tasks or functions.
Processing of these workflows may require access to comput-
ing resource either within or outside of the data center. In
some instances, these computing resources may be limited,
such that they may only be accessed by a limited number of
computing systems at any given point in time.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing aspects and many of the attendant advan-
tages of this disclosure will become more readily appreciated
as the same become better understood by reference to the
following detailed description, when taken in conjunction
with the accompanying drawings, wherein:

FIG. 1 is a block diagram illustrating an embodiment of a
workflow group having server computing devices, a work-
flow control device, resource control devices, proxy control
devices, and computing resources;

FIGS. 2A-2C are simplified block diagrams of the work-
flow group of FIG. 1 illustrating the management of a
resource-dependent workflow executed by server computing
devices;

FIG. 3 is a flow-diagram illustrating a workflow processing
routine for an individual server computing device of FIG. 1;

FIG. 4 is a flow-diagram illustrating a resource-dependent
workflow management routine for a resource control device
FIG. 1,

FIG. 5is a block diagram illustrating an multiple workflow
groups of FIG. 1 in association with a workflow group over-
sight device; and

FIG. 6 is a flow-diagram illustrating a multiple group
workflow management routine for one or more workflow
control devices of FIG. 5.

DETAILED DESCRIPTION

Generally described, aspects of the present disclosure
relate to the management of resource-dependent workflows.
Specifically, systems and methods are disclosed which facili-
tate management of computing devices processing workflows
that are dependent on limited computing resources. In one
aspect, each computing resource is associated with a resource
control device. Each resource control device monitors use of
the computing resource, and determines whether the comput-
ing resource is available for use. When a server computing
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resource processes a workflow or a stage of a workflow that
requires access to a computing resource, it may request access
to the computing resource from an associated resource con-
trol device. Based on monitored use of the computing
resource, the resource control device may grant access to the
computing resource, or may direct the server computing
device to pause or delay processing of the workflow or work-
flow stage. In some embodiments, the resource control device
may instruct the server computing device to take a responsive
action, such as disabling functionality of the server comput-
ing device in order to reduce power consumption, or entering
into a defined processing state.

In some embodiments, multiple workflow processing
states may be defined which correspond to various responsive
actions. For example, a first workflow processing state may be
associated with accessing the computing resource and con-
tinuing to process a workflow or workflow stage. A second
workflow processing state may be associated with halting or
temporarily halting processing of the workflow or workflow
stage. A third workflow processing state may be associated
with halting or temporarily halting the workflow or workflow
stage and reducing the functionality or power consumption of
the computing device. A fourth workflow processing state
may be associated with powering down the computing
device. One or more of the above workflow processing states
may further be associated with repeatedly sending a status
indicator to a resource control device. For example, ifa server
computing device is instructed to halt processing of a work-
flow state, it may further be instructed to send periodic status
updates to the computing resource controller indicating that it
is waiting on access to a computing resource. In some
embodiments, the computing resource controller is config-
ured to grant access to the computing resource to the server
computing device after the computing resource becomes
available.

In some embodiments, computing resources may further
be associated with proxy control devices. Illustratively, if
multiple server computing devices are requesting access to a
computing resource from a corresponding resource control
device or transmitting status updates to that resource control
device, the resource control device may not be able to respond
to each server computing device. In these embodiments, a
proxy control device may be configured to receive requests to
access a computing resource, or to receive status updates, and
to forward those updates to the resource control device. Such
proxy control devices may be beneficial in situations where a
resource control device cannot be reached, since they may
allow a server computing resource to stop attempting to com-
municate directly with the resource control device. For
example, such attempted communication may itself contrib-
ute to overloading the resource control device. In some
embodiments, a server computing device may attempt to
contact a proxy control device after a threshold number of
attempts to contact a resource control device fail. In other
embodiments, communication may be attempted to a proxy
control device after a specified period of time without a
response from a resource control device. In still more
embodiments, server computing devices may attempt to con-
tact a proxy control device first, and only contact a resource
control device directly if such attempts fail.

A server computing device may be configured to interact
with a resource control device through a variety of implemen-
tations. For example, software executed by the server com-
puting device may be configured to process workflows by
interaction with resource control devices. Such software may
correspond, by way of non-limiting example, to an operating
system or an application executing on a server control device.



US 9,152,461 B1

3

In other implementations, hardware of a server computing
device may be modified in order to process workflows via
interaction with resource control devices.

In some embodiments, software for processing resource-
dependent workflows may be placed on a storage device of a
server computing device, and the server computing device
may be configured to execute this software on start up. In
some embodiments, this storage device may correspond to
permanent or semi-permanent storage integrated within the
server computing device, or to network accessible storage. In
other embodiments, this storage may correspond to remov-
able or temporary storage, such as a universal serial bus
(USB) connected storage device. [llustratively, a USB storage
device may be connected to a server computing device during
an initial boot process. The server computing device may be
configured to load the software included on the USB storage
device. This software, in turn, may direct the server comput-
ing device to contact a workflow control device to request a
workflow, and thereafter to process the worktflow by interac-
tion with resource control devices. In addition, the software
may be configured to allow the server computing device to
discover available workflow control devices and resource
control devices.

In other embodiments, software for processing resource-
dependent workflows may be obtained and executed by a
server computing device through use of a preboot execution
environment (PXE). Routines, processes, and implementa-
tions of a PXE are well known in the art and will therefore not
be discussed in detail herein. Generally, a PXE allows a
computing device to request boot information via a network
interface, independent of locally attached storage devices.
Using a PXE boot process, a server computing device may
request software which is configured to request a workflow
from a workflow control device and process that workflow by
interaction with resource control devices. As noted above, the
software may be further enable the server computing device
to discover appropriate or available workflow control devices
and resource control devices.

In still more embodiments, the hardware or firmware of a
server computing device may be configured to discover work-
flow control devices and resource control devices, and to
process workflows by interaction with these devices. For
example, a network interface which would normally execute
a general PXE boot routine may be modified in order to
include software for processing workflows via interaction
with workflow control devices and resource control devices.
Iustratively, such software could be placed into read only
memory (ROM) of a network interface or a PXE device. In
some embodiments, other hardware, firmware, or ROM of a
server computing device may be modified in order to contain
appropriate software or instructions.

In some embodiments, workflow control devices or
resource control devices may be configured to receive infor-
mation regarding server computing devices without requiring
modification of the server computing devices. For example,
server computing devices may be configured to use dynamic
host configuration protocol (DHCP) in order to obtain an
internet protocol (IP) address on boot. The DHCP server
device may be in communication with a workflow control
device, a resource control device, or both. After receiving a
DHCP request from a server computing device, the DHCP
server may alert workflow control devices and resource con-
trol devices that the server computing device will soon be
requesting a workflow. In these embodiments, either or both
of the workflow control devices or the resource control
devices may prepare to receive such requests. For example,
when it is expected that a server computing device will
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request a certain computing resource, the resource control
device may begin to make that computing resource available
for use.

Insome embodiments, the server computing device may be
configured to interact with a resource control device at vari-
ous times during an initialization process (sometimes referred
to herein as a “boot” or “boot up” process). For example,
where software for implementing resource-dependent work-
flows is embedded in a ROM of a computing device, the
device may be programmed to process workflows during a
very early stage of a boot process, such as when loading
instructions to implement a PXE boot. Where such software is
contained on a data store, such as a PXE server or a USB data
store, the computing device may implement software for
processing resource dependent workflows at any point sub-
sequent to receiving the software from the data store, such as
prior to loading the final operating system of the computing
device. Further, a computing device may be configured to
process resource dependent workflows according to the
present disclosure during initialization of a network device,
such as in response to a DHCP request. As will be appreciated
by one skilled in the art, implementation of resource depen-
dent workflows may occur at any point during initialization or
after a computing device has initialized.

As described above, in some instances, a computing
resource may not be available when required by a server
computing device. In such instances, a server computing
device may be instructed to pause or delay processing a
workflow or workflow stage. In some embodiments, a server
computing device may be further configured to repeatedly
transmit a status indicator to a resource control device. For
example, the status indicator may reflect that the server com-
puting device is waiting on a specific computing resource, or
that the server computing device has taken other responsive
actions (e.g., reducing functionality or power consumption).
Various mechanisms may be used to transmit such status
indicators. In one embodiment, server computing devices
may transmit Internet Control Message Protocol (ICMP)
echo request packets to a resource control device as a status
indicator. Transmission of such packets, also known as “ping-
ing”, may be used to indicate that the server computing device
is awaiting access to a computing resource corresponding to
the resource control device.

In some embodiments, resource control devices or work-
flow control devices may be configured to record computing
resource access history and timing or metrics associated with
computing resource access. For example, resource control
devices may record the number, type, or identity of server
computing devices requesting access to acomputing resource
and the response time and availability of a computing
resource under various historical conditions. A workflow
control device may record the number of computing devices
processing a workflow or workflow stage, the types or
resources those workflows are dependent on, and the timing
or success rate of these workflows or stages. This historical
data may be used in order to more efficiently manage resource
availability or process workflows. For example, historical
data may indicate the capacity of a computing resource con-
trol under various conditions, or the amount of capacity of a
computing resource required in order to process a particular
workflow or workflow stage.

Though described above with reference to an individual
workflow group above, in some embodiments, multiple
workflow groups may be in communication and interact to
manage workflows. For example, a resource control device
from a first group A may determine that a computing resource
X is overloaded or in danger of becoming overloaded. A
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second group B may include similar computing resources
which could be accessed by server computing devices of
group A in order to reduce the load on the computing resource
X. As such, the server computing devices of group A may
request access to the resources of group B. In this manner,
multiple workflow groups may interact to manage workflows
across these groups. In some embodiments, multiple work-
flow groups may be configured to collectively decide mitigat-
ing actions to take when one or more workflow groups require
access to resources from other workflow groups. For instance,
resource control devices from multiple workflow groups may
implement distributed decision-making techniques to pro-
pose and implement mitigation techniques. For example,
resource control devices from various workflow groups
which manage interchangeable computing resources may
form a resource “council” corresponding to that computing
resource. When a computing resource from a first group is in
danger of being overloaded, the corresponding resource con-
trol device may propose to the council that other computing
resources from other groups be used to offset the load of the
first group. Collectively, the council may decide whether to
allow offloading of the load, and to which computing resource
the load should be transferred. In some embodiments, a
human operator may be required to confirm such decisions
before they are implemented.

In some embodiments, workflow groups may correspond
to regions in which the workflow groups are located. For
example, a first workflow group may be located in a first city,
while a second workflow group may be located in a second
city. In general, each workflow group may be autonomous,
and be able to function without requiring interaction with
other workflow groups. However, interaction with workflow
groups may be beneficial in situations where an unexpected or
infrequent event occurs that is localized to a single workflow
group, such as a power outage or natural disaster.

Specific embodiments and example applications of the
present disclosure will now be described with reference to the
drawings. These embodiments and example applications are
intended to illustrate, and not limit, the present disclosure.

FIG. 1 is a block diagram illustrating an embodiment of a
workflow group environment 100 including multiple server
computing devices 106 in communication with a workflow
control device 102 and a number of computing resources 130
via a network 104. Illustratively, a workflow group may
include any number N of computing resources 130. As shown
in FIG. 1, this illustrative workflow group contains comput-
ing resources 130A-130N. Each computing resource 130
may be associated with a resource control device of resource
control devices 110 and a proxy control device of proxy
control devices 120. In this illustrative embodiment, comput-
ing resource 130A is associated with resource control device
110A and proxy control device 120A; computing resource
130B is associated with resource control device 110B and
proxy control device 120B; et cetera.

Each of the server computing devices 106, the workflow
control device 102, the resource control devices 110, the
proxy control devices 120, and the computing resources 130
may be in communication over a network 104. Those skilled
in the art will appreciate that the network 104 may be any
wired network, wireless network or combination thereof. In
addition, the network 104 may be a personal area network,
local area network, wide area network, cable network, satel-
lite network, cellular telephone network, or combination
thereof. Protocols and components for communicating via
any of the other aforementioned types of communication
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networks are well known to those skilled in the art of com-
puter communications and thus, need not be described in
more detail herein.

The workflow control device 102 may be configured to
transmit workflows including one or more workflow stages to
a server computing device 106, which may be configured to
process the workflow. For example, a workflow may corre-
spond to executing a task or routine, such as booting the
server computing device, loading an application on the server
computing device, processing data on the server computing
device, or transmitting data to or from the server computing
device. Illustratively, workflow stages within a workflow may
be associated with access to a computing resource 130.

A computing resource 130 may correspond to any resource
used to process a stage within a workflow. By way of non-
limiting example, a computing resource may correspond to
network accessible storage, to a database server, or to a web
server. For example, where a workflow corresponds to boot-
ing the server computing device 106, a stage within the work-
flow may require access to a computing resource 130 corre-
sponding to a network accessible storage device. This storage
device may contain, for example, an operating system or
portion of an operating system, applications, updates, device
drivers, or other data.

In this illustrative embodiment, in order to access a com-
puting resource 130, a server computing device 106 may
request access from the associated resource control device
110. Ilustratively, a server computing device 106 may be
configured to interact with resource control devices 110
through a variety of mechanisms. As described above, in
some embodiments, software for processing workflows via
resource control devices 110 may be received via used of a
PXE boot process. For example, such software could be con-
tained within a software image obtained through a network
interface of the server computing device. In some embodi-
ments, use of a PXE boot process may include transferring of
such software via trivial file transfer protocol. In some
embodiments, software configuring a server computing
device 106 to process workflows may be contained within
storage attached either locally or remotely to the server com-
puting device 106. By way of non-limiting example, such
software may be contained within an USB storage drive
attached to the server computing device, or contained within
network accessible storage. In still more embodiments,
instructions for processing a workflow may be included in
hardware or firmware of the server computing device, such as
in ROM. Illustratively, such ROM may be included in a net-
work interface of the server computing device, in the basic
input output system (BIOS) of the server computing device,
in PXE implementation hardware, or in any other persistent
memory of the server computing device 106. As used herein,
a ROM may refer to any of a collection of computer storage
media, including but not limited to programmable read-only
memory (PROM), erasable programmable read-only
memory (EPROM), and electrically erasable programmable
read-only memory (EEPROM). Subsequent to configuring a
server computing device 106 to process a workflow, the server
computing device 106 may request access to a computing
resource 130 from a resource control device 110.

The resource control device 110 is configured to monitor
use of the computing resource 130, and determine whether
access to the computing resource 130 should be granted to the
computing device 106. Illustratively, access to a computing
resource 130 may be denied when the computing resource
130 is already being used by a large number of other server
computing devices 106. For example, where a computing
resource 130 is able to serve ten simultaneous server comput-
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ing devices 106, and an eleventh server computing device 106
requests access to the computing resource 130, the associated
resource control device 110 may deny access to the comput-
ing resource 130. A number of metrics may be used by the
resource control device 110 in order to determine whether a
computing resource 130 is able to service an additional server
computing device 106. By way of non-limiting example, the
resource control device 110 may monitor the number of
server computing device 106 accessing a computing resource
130, the network use or availability of the computing resource
130, the processing use or availability of the computing
resource 130, volatile or non-volatile storage use or availabil-
ity of the computing resource 130, or response time of the
computing resource 130. Determination of the availability of
a computing resource 130 will be discussed in more detail
below.

If access to a computing resource 130 is granted to a server
computing device 106 by an associated resource control
device 110, the server computing device 106 may continue to
process the workflow or workflow stage. However, if a com-
puting resource 130 is not available, the resource control
device 110 may instruct the server computing device 106 to
halt processing of the workflow stage. In some embodiments,
the server computing device 106 may further instruct the
server computing device 106 to later transmit a status identi-
fier to the resource control device 110, or to repeatedly trans-
mit such a status identifier. By way of non-limiting example,
such a status identifier may correspond to an ICMP echo
request. One illustrative routine for processing a workflow
stage that may be implemented by a server computing device
will be described in more detail with reference to FIG. 3,
below.

The illustrative environment of FIG. 1 may further include
a number of proxy control devices 120, each of which may
correspond to one or more resource control devices 110. Each
proxy control device 120 may be configured to forward
requests to access computing resource 130 that are received
from server computing devices 106 to a corresponding
resource control device 110. Illustratively, a server comput-
ing device 106 may be configured to transmit requests to a
proxy control device 120 after multiple requests to a resource
control device 110 have failed or been lost. In some embodi-
ments, a server computing device 106 may be configured to
transmit access requests to a proxy control device 120 before
transmitting such requests to a resource control device. One
illustrative interaction with a proxy control device 120 will be
described in more detail with respect to FIG. 2B, below.

With reference now to FIGS. 2A-2C, simplified block dia-
grams are shown illustrating the processing of a resource-
dependent workflow by a server computing device 106 of
FIG. 1. Specifically, FIG. 2A illustrates an interaction in
which access to a computing resource 130A is granted by a
resource control device 110A. FIG. 2B illustrates an interac-
tion similar to that illustrated in FIG. 2A, in which commu-
nication with a resource control device 130A occurs via a
proxy control device 120A. FIG. 2C illustrates an interaction
in which access to a computing resource 130A is not granted,
and a server computing device 106 transmits a status identi-
fier to the resource control device 110A indicating that is it
awaiting access the computing resource 130A.

As shown in FIG. 2A, a server computing device 106
requests a workflow from a workflow control device 102. As
described above, such a request may be facilitated by soft-
ware included on a storage device, such as a USB storage
device, retrieved via a PXE boot process, or included on ROM
of the server computing device 106. Further, as described
above, in some embodiments a request for a workflow may
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correspond to a DHCP request by the server computing
device 106. For example, the server computing device 106
may, instead of being configured to explicitly request a work-
flow, be configured to request a DHCP address on initializa-
tion of a network interface. The corresponding DHCP server
(not shown) may inform a workflow control device 102 that
the server computing device 106 is ready to receive a work-
flow. As such, the worktlow control device 102 may return a
workflow to the server computing device 106. In some
embodiments, the DHCP server may be implemented by the
workflow control device 102. In some embodiments, a DHCP
request may be transmitted during a PXE boot process. In
other embodiments, a DHCP request may be transmitted from
within an operating system.

In some embodiments, a DHCP request may include infor-
mation corresponding to the server computing device 106,
such as a media access control address of the server comput-
ing device 106. The workflow control device 102 may utilize
this information to determine a workflow to transmit to the
server computing device 106. For example, the workflow
control device 102 may interact with a server computing
device information data store (not shown) to determine other
information regarding the server computing device 106, such
as the hardware or software configuration of the server com-
puting device 106 or the location of the server computing
device 106. This information may be used to determine a
workflow to assign to the server computing device 106. In
some embodiments, the workflow control device 106 may
further determine computing resources or software that may
be required during a transmitted workflow process. In such
embodiments, the workflow control device 106 may, alone or
in conjunction with resource control devices 110, provision
these computing resources or software such that they are
available to the server computing device during the workflow
process. For example, a workflow control device 106 may
determine that, during a workflow process, a server comput-
ing device 106 will require access to a certain device driver
within a software image. If such a software image is not yet
available, the workflow control device may cause creation of
such a software image prior to instructing the server comput-
ing device 106 to process the determined workflow.

After having received a workflow, the server computing
device 106 may process the received workflow in order to
determine a worktlow stage to process. Illustratively, a work-
flow may comprise multiple workflow stages. One or more of
the workflow stages may depend on other workflow stages
having been previous completed, or may require a second
workflow stage to be simultaneously processed. Based on
analysis of the workflow, the server computing device 106
may select a first workflow stage to process. Though
described herein with reference to the server computing
device 106, in some embodiments, a worktlow stage may be
determined by the workflow control device 102 and transmit-
ted to the server computing device 102. In such embodiments,
the server computing device 102 may not be required to have
knowledge of the complete workflow. In other embodiments,
workflow stages may be determined at least partially by the
resource control device 110A. For example, after completing
aworkflow stage by interacting with a resource control device
110A, the resource control device 110A may transmit a sub-
sequent worktlow stage to the server computing device 106.

After determining a worktlow stage to process, the server
computing device 106 may request access to a computing
resource 130A required by the workflow stage. Though
described herein with reference to a single computing
resource, in some embodiments, a workflow stage may be
dependent on multiple computing resources. In order to
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request access to the computing resource 130A, the server
computing device 106 may contact a corresponding resource
control device 110A. In some embodiments, the location of
the resource control device 110A may be determined by
communication with the computing resource 130A, with the
workflow control device 102, or by broadcasting a request to
locate the resource control device 110A.

In response to a request to access computing resource
1304, the resource control device 110A may determine an
availability of the computing resource 130A. As described
above, such availability may be determined according to a
variety of metrics. By way of non-limiting example, such
metrics may correspond to the number of server computing
devices 106 or other devices accessing the computing
resource 130A, the available network bandwidth on comput-
ing resource 130A, the available random access or persistent
memory on computing resource 130A, an available process-
ing power of computing resource 130A, the success rate of
interactions with the computing resource 130A (e.g., success-
ful transmissions or interactions). In some embodiments, the
resource control device 110A may further base availability of
a computing resource 130A on expected future usage of any
of the above metrics. Future use may be predicted based, for
example, on the status of workflows being processed by other
server computing devices 106. In still more embodiments, the
availability of a computing resource 130A may reflect the
stability of any of the above metrics. For example, the avail-
ability of a computing resource 130 may be determined such
that the power use of the computing resource 130 remains
near constant. In some embodiments, the availability of the
computing resource 130A may further depend on an expected
use of the computing resource 130A by the server computing
device 106. Determination of availability of a computing
resource will be described in more detail with respect to FI1G.
4, below.

As described above, in some embodiments, the workflow
control device 102 and the resource control device 110A may
be configured to record data regarding use of a computing
resource 130A. If such history has been recorded previously,
the resource control device 110A may use this history to
determine an expected future availability of the computing
resource 130A and an expected use of the computing resource
130A by the server computing device 106. In addition, the
resource control device 110A may record the received
request, as well as any determination as to the availability of
the computing resource 130A.

If the resource control device 110A determines that the
computing resource 130A is available for use by the request-
ing server computing device 106, the resource control device
110A may return an indication to the server computing device
106 that access to the computing resource 130A is granted.
Thereafter, the server computing device 106 may access the
computing resource 130A in order to process the current
workflow stage.

With reference to FIG. 2B, in a manner similar to FIG. 2A,
an illustration is shown depicting processing of a resource-
dependent workflow by a server computing device 106 of
FIG. 1. As described above with reference to FIG. 2A, the
server computing device 106 may request a worktflow from
the workflow control device 102, which in turn may return a
workflow. The server computing device 106 may then deter-
mine a workflow stage to process, and request access to a
corresponding computing resource from the resource control
device 110A.

In the illustration as depicted in FIG. 2B, however, the
resource control device 110A may not immediately return an
indication of whether access to the computing resource 130A
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is granted. In this illustrative example, the server computing
device 106 is configured, after receiving no response to a
request to a resource control device 110A, to redirect requests
to a proxy control device 120A. Such redirection may occur,
for example, after a threshold number of requests to a
resource control device 110A receive no reply, or after a time
period elapses in which no response is received. As described
above, redirection of requests to a proxy control device 120A
may be beneficial in situations where requests to a resource
control device 110A are themselves contributing to overload-
ing a resource control device 110A.

After receiving a request to access computing resource
130A, the proxy control device 120A may retransmit that
request to resource control device 110A. In order to prevent
such requests from overloading the resource control device
110A, the proxy control device 120A may be configured to
retransmit requests less frequently than a server computing
device 106. In some embodiments, the proxy control device
120A may aggregate requests from multiple server comput-
ing devices 106 in order to forward one aggregate request to
the resource control device 110A. Such an aggregate request
may specify each server computing device 106 requesting
access to the computing resource 130. In some embodiments,
the proxy control device 120A may be given preferential
treatment by the resource control device 110A. For example,
requests from the proxy control device 120A may be priori-
tized by a resource control device 110A over requests
received from server computing devices 106.

After successfully receiving a request to access a comput-
ing resource from the server computing device 106 via the
proxy control device 120A, the resource control device 110A
may determine an availability of the computing resource
130A in a manner similar to that discussed with respect to
FIG. 2A, above. In this illustrative embodiment, the resource
control device 110A may determine that access to the com-
puting resource 130A should be granted. As such, an indica-
tion that access is granted is transmitted to the server com-
puting device 106, which may thereafter access the
computing resource 130A.

With reference to FIG. 2C, in a manner similar to FIGS. 2A
and 2B, an illustration is shown depicting processing of a
resource-dependent workflow by a server computing device
106 of FIG. 1. As described above with reference to FIG. 2A,
the server computing device 106 may request a workflow
from the workflow control device 102, which in turn may
return a workflow. The server computing device 106 may then
determine a workflow stage to process, and request access to
a corresponding computing resource from the resource con-
trol device 110A. Subsequently, the resource control device
110A may determine an availability of the computing
resource 130A in order to determine whether to grant access
to the computing resource 130A, as described above in FIG.
2A.

As shown in FIG. 2C, in this illustrative embodiment, the
resource control device 110A may determine that the server
computing device 106 should not access the computing
resource 130A. As such, the resource control device 110A
may issue a command indicating that the server computing
device should halt, at least temporarily, processing of the
workflow stage. The server computing device 106 may, in
turn, execute the received halt command.

In some embodiments, the halt command may include
instructions to take one or more responsive actions. By way of
non-limiting example, these responsive actions may include
reducing or disabling functionality of the server computing
device 106 in order to reduce power consumption. Further, as
shown in FIG. 2C, a responsive action may include transmit-
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ting a status identified from the server computing device 106
to the resource control device 110A. In some embodiments,
these status identifiers may be repeatedly transmitting, such
that the resource control device 110A maintains an awareness
of'the status of the server computing device 106. These status
identifiers may include such information as the identity of the
server computing device 106 (e.g., a media access control
address or an IP address), the status of a workflow being
processed by the server computing device, the computing
resource 130A required by that workflow process, or any
other status information. In some embodiments, a status iden-
tifier may include less that the above information. For
example, a ping transmitted from the server computing device
106 to the resource control device 110A may constitute a
status identifier. [llustratively, the ping may signify that the
server computing device 106 is awaiting access to the com-
puting resource 130A.

As described above, in some embodiments, management
of' workflow processes may be facilitated by defining states of
server computing devices 106. For example, an “invalid” state
may signify a server computing device 106 that has not yet
received a workflow. A “running” state may signify a server
computing device 106 that is processing a workflow or work-
flow stage. A “pending” state may signify a server computing
device 106 that is awaiting access to a computing resource
130A. This pending state may be associated with retransmit-
ting a status identifier to the resource control device repeat-
edly over a period of time. A “parking” state may signify a
server computing device 106 that is awaiting access to a
computing resource 130A, repeatedly transmitting a status
identifier, and that has reduced consumption of resources by
reducing or disabling functionality of the server computing
device 106 at least partially. A “dormant” state may signify a
server computing device 106 that has powered off. In some
embodiments, a server computing device 106 entering into a
dormant state may be configured to notify the resource con-
trol device 110A, such that the resource control device 110A
may cause the server computing device 106 to start when the
computing resource 130A becomes available. Illustratively,
the server computing device 106 may be configured to enter
any of the above states based on specified criteria. In some
embodiments, a halt command issued by the resource control
device 110A may correspond to a command to enter one of
the above states.

With reference now to FIG. 3, an illustrative flow-diagram
depicting a routine 300 for processing a workflow of a server
computing device is depicted. This routine may be carried out
by, for example, a server computing device 106 of FIG. 1. At
block 302, the server computing device 106 receives a work-
flow process. Such a workflow process may be received, for
instance, from a workflow control device 102 of FIG. 1. At
block 303, the server computing device 106 may determine a
workflow stage of the received workflow process to execute.
Such a determination may be based, for instance, on the
dependencies of other workflow stages within the received
workflow process. In other embodiments, determination of a
workflow stage may be dependent on the computing
resources 130 that are available or will be available for pro-
cessing. In such embodiments, the server computing device
106 may be configured to query multiple resource control
devices 110 in order to determine the availability of
resources. As described above, in some embodiments, the
workflow stage may be specified by a workflow control
device 102, or by a resource control device 110. In such
embodiments, block 303 may be omitted.

At block 304, the server computing device 106 may deter-
mine the resources necessary in order to process the deter-
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mined workflow stage. For example, if the determined work-
flow stage corresponds to processing a software update, a
computing resource 130 corresponding to a storage device
that holds the software update may be required. At block 306,
the server computing device 106 may request access to the
computing resource 130 from a corresponding resource con-
trol device 110. One illustrative routine by which a resource
control device 110 may manage requests for a computing
resource 130 will be described in more detail with reference
to FIG. 4, below.

Atblock 308, the server computing device 106 may receive
an indication as to the availability of the computing resource
130. As described above, in some instances, the server com-
puting device 106 may not receive such anindication. Insome
such embodiments, the server computing device 106 may be
configured to retransmit an access request to the resource
control device 110, or to repeatedly retransmit an access
request for a specified number of times. Illustratively, when
an indication as to the availability of the computing resource
130 is not received from the resource control device 110
within a specified period of time, the server computing device
106 may be configured to retransmit the access request some
n number of times. In other embodiments, the server comput-
ing device 106 may be configured to request access to the
computing resource 130 from a proxy control device 120, as
described above with respect to FIG. 2B.

After a response is received as to the availability of the
computing resource 130, if the computing resource 130 is
determined not to be available, the server computing device
106 may pause the workflow process at block 310. As
described above, pausing the workflow process may include
taking responsive actions, such as reducing functionality of
the server computing device 106, or repeatedly transmitting a
status indicator to the resource control device 110. Further, in
some embodiments, in addition to an indication that the com-
puting resource 130 is not available, the server computing
device 106 may receive instructions to enter a specified state.
In such embodiments, the server computing device 106 may
execute instructions to enter the specified state at block 310.

Thereafter, at the point at which the computing resource
130 becomes available to the server computing device 106,
the server computing device 106 may continue processing the
workflow at block 306. In some embodiments, the server
computing device 106 may be configured to repeatedly
request access to the computing resource 130 at block 306. In
other embodiments, a resource control device 110 corre-
sponding to the computing resource 130 may inform the
server computing device 106 that the computing resource 130
has become available. In such embodiments, the server com-
puting device 106 may continue at block 312.

At block 312, after it is determined that the computing
resource device 130 is available, the server computing device
106 may process the worktlow stage. For example, where the
workflow stage involves receiving a software update from a
storage location, the server computing device 106 may trans-
fer an update file from the computing resource 130. Thereat-
ter, the server computing device 106 may determine whether
the workflow process is completed. If the process is not com-
plete, the server computing device 106 may iterate to the next
workflow stage at block 316, and repeat the routine from
block 304. Ifthe process is complete, the routine 300 may end
at block 318.

As described above, in some embodiments, the server com-
puting device 106 may not be aware of the overall workflow.
In such embodiments, on completion of a workflow stage at
312, the server computing device 106 may request the next
workflow stage from the workflow control device 102 or a
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resource control device 110. If no workflow stages remain,
the workflow control device 102 or the resource control
device 110 may return an indication that the workflow is
complete.

With reference now to FIG. 4, an illustrative flow-diagram
depicting a routine 400 for managing resource-dependent
workflows is depicted. This routine may be carried out by, for
example, a resource control device 110 of FIG. 1. At block
402, the resource control device 110 receives a resource
request corresponding to a computing resource 130 from a
server computing device 106.

At block 404, the resource control device 110 may deter-
mine the availability or expected availability of the comput-
ing resource 130. Illustratively, availability of a computing
resource 130 may correspond to a measurement of one or
more performance metrics of the computing resource 130.
For example, such metrics may correspond to available net-
work or other bandwidth of the computing resource 130, to
available processing power, persistent or transient memory of
the computing resource 130, or power consumption of the
computing resource 130. In some embodiments, a perfor-
mance metric may correspond to the response time of a com-
puting resource 130. In still more embodiments, availability
of' a computing resource 130 may be determined at least in
part based on the number of server computing devices 106
accessing the computing resource 130. For example, a maxi-
mum number of server computing devices 106 that may
simultaneously access a computing resource 130 may be
specified. In these embodiments, the resource control device
110 may modify this maximum number of server computing
devices 106 based on other determinations of availability. For
example, if the computing resource 130 is being accessed by
the specified maximum number of server computing devices,
but otherwise has a high availability, the resource control
device may increase this maximum number of server com-
puting devices 106. Conversely, when a lower number of
server computing devices 106 are accessing a computing
resource 130, but availability metrics drop, the resource con-
trol device 110 may decrease this maximum specified num-
ber.

As described above, in some embodiments, historical
information as to the availability of computing resources 130
may be recorded. In these embodiments, such historical infor-
mation may be used to determine an available of a computing
resource 130. For example, the resource control device 110
may utilize such history to determine the previous availability
of the same or similar computing resource 130 under condi-
tions similar to any current operating conditions. In some
embodiments, such historical data may be used to check a
determined availability of a computing resource 130. For
example, where the computing resource 130 has been deter-
mined to be available for use by a server computing device
130, but similar historical situations reflect that making the
computing resource 130 available to the server computing
device would result in instability, the computing resource 130
may be determined to be unavailable.

Optionally, at block 406, the resource control device 110
may record information corresponding to the received request
and to the determined availability. As described above, this
information may be subsequently utilized by the resource
control device 110 or another resource control device 110 in
order to determine the availability or future availability of a
computing resource 130. Still further, such historical data
may be used to determine potential faults in one or more
computing resources 130. For example, historical data may
indicate that the computing resource 130 should have a cer-
tain predicted level of availability. However, in practice, the
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computing resource 130 may not reach the predicted level of
availability. Such disparity may indicate an issue with the
computing resource 130.

Though described herein with reference to the resource
control device 110, in some embodiments, a separate com-
puting device may record historical computing resource
access data. In some embodiments, such a separate comput-
ing device may further determine the availability of a com-
puting resource based on that availability.

At block 408, if the requested computing resource 130 is
determined not to be available, the resource control device
110 may transmit a command to the requesting server com-
puting device 106, such as a pause command or acommand to
halt a workflow stage. As described above, in some embodi-
ments, such a command may include responsive actions that
a server computing device 106 should execute. In other
embodiments, such a command may include a state that the
server computing device 106 should enter into.

Tustratively, a resource control device 110 may determine
such a state or responsive actions based on the determined
availability of the computing resource 130, the expected
resource usage by the server computing device 106, or other
factors. For example, where a computing resource 130 is
unavailable, but expected to be available in the near future, the
resource control device 110 may instruct the server comput-
ing device 106 to remain fully functional, and to transmit
status indicators requesting access to the computing resource
130. Where a computing resource 130 is unavailable and
expected to be unavailable for more than a certain period of
time, the resource control device 110 may instruct the server
computing device 106 to reduce or disable some amount of
functionality in order to save computing power. This may
correspond to instructing the server computing device 106 to
ending a “parked” state. When a computing resource 130 is
unavailable and expected to be unavailable for an extending
period of time, the resource control device 110 may instruct
the server computing device 106 to power down, which may
correspond to entering a “dormant” state.

In some embodiments, after a command to halt a workflow
process is sent, the resource control device 110 may continu-
ally monitor the availability of the computing resource 130 at
block 404. In other embodiments, the resource control device
110 may instruct the server computing device 106 to request
access to the computing resource 130 at some point in the
future, and may not monitor an availability of the computing
resource 130. In some such embodiments, the routine 400
may therefore end.

If, at block 408, the computing resource 130 is determined
to be available to the server computing device 106, the
resource control device 110 may, at block 412 transmit a
command to the server computing device 106 that access to
the computing resource 130 is granted. Such a command may
correspond to placing the server computing device 106 in a
“running” state. Thereafter, the server computing device 106
may process the workflow stage as described above with
reference to FIG. 3, and the routine 400 may end at block 414.

In some embodiments, a resource control device 110 may,
subsequent to processing a routine such as routine 400, con-
tinue to monitor a computing resource 130 in order to deter-
mine the computing resource 130°s future availability or to
modify the resource control devices 110 information regard-
ing that availability. For example, in some embodiments,
availability to a computing resource may be limited to a
specified threshold number of server computing devices 106
that may access a computing resource 130 at any given point.
In these embodiments, a resource control device 110 may
monitor other availability metrics of a computing resource
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130, such as available processing power, bandwidth, or
memory in order to determine whether that threshold number
of accessing server computing devices 106 should be modi-
fied. Still further, a resource control device 110 may monitor
the number or percentage of successful interactions with the
computing resource, the amount of data loss when commu-
nicating with the computing resource 130, or any other metric
that may determine the availability of the computing resource
130 to facilitate additional server computing devices 106.
Iustratively, if a computing resource 130 is being accessed
by the specified maximum number of server computing
devices 106, but has the ability to service at least one addi-
tional server computing device 106, the resource control
device 110 may increase the specified maximum number of
simultaneous accessing server computing devices 106. Alter-
natively, if a computing resource 130 is being accessed by less
than the maximum number of server computing devices 106,
but is low on an availability metric (e.g., available bandwidth,
processing power, memory or storage), the maximum number
of accessing server computing devices 106 may be lowered.

FIG. 5 is a block diagram illustrating an embodiment of a
multiple workflow group environment. [llustratively, such an
environment may include multiple workflow groups, such as
workflow groups S00A-C. Each workflow group may corre-
spond, for example, to a workflow group 100 of FIG. 1. As
such, each workflow group may include one or more work-
flow control devices 502 A, resource control devices 510 (cor-
responding to resource control devices 110 of FIG. 1), proxy
control devices 520 (corresponding to resource control
devices 120 of FIG. 1), computing resources 530 (corre-
sponding to computing resources 130 of FIG. 1), and server
computing devices 506 (corresponding to computing
resources 506 of FIG. 1). These workflow groups 500 may be
in communication via a network 504. In some embodiments,
each workflow group 500 may correspond to a specific region
or location, such as a city, state, country, or continent. In other
embodiments, worktflow groups may be separated by other
physical or logical attributes. Though depicted herein as three
workflow groups 500, any number of workflow groups may
be in communication and form a multiple workflow group
environment.

Communication of workflow groups may be beneficial in
order to allow server computing devices 506 from a first
workflow group, such as workflow group 500A, to commu-
nicate with resource control devices 510 and computing
resources 530 from other workflow groups, such as resource
control devices 510B and computing resources 530B of
workflow group 520B. Illustratively, when a computing
resource 530A becomes overloaded, server computing
devices 506A may request access to computing resources
530B of worktlow group 500B. As such, multiple workflow
groups may work together to supplement overloaded com-
puting resources 530.

Multiple workflow groups 500 may work together through
avariety of mechanisms. For example, in some embodiments,
server computing devices 506 from a first workflow group
may be configured to automatically contact resource control
devices 510 from another workflow group when they are
unable to access a computing resource. In other embodi-
ments, resource control devices 510 or proxy control devices
520 may be configured to redirect requests to another avail-
able workflow group when a computing resource 130
becomes over utilized. In still more embodiments, resource
control devices 510 from various workflow groups 500 may
be in communication to coordinate and determine mitigating
actions when computing resources 530 are overloaded. For
example, resource control devices 510 from various work-
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flow groups 500 may associate into a “council” of resource
control devices 510. These councils may be formed by all
resource control devices 510, or by only resource control
devices 510 which correspond to similar computing
resources 530. Such councils may use distributed decision
making techniques in order to overcome issues of overloaded
computing resources 530. Examples of such distributed deci-
sion making techniques will be discussed in more detail with
reference to FIG. 6, below.

In some embodiments, the workflow groups 500 may be in
communication with a workflow group oversight device 550.
Such a workflow group oversight device 550 may enable
human oversight of mitigating decisions made by resource
control devices 510. In this manner, a human overseer may be
able to accept or reject these mitigating decisions. Further, a
workflow group oversight device 550 may enable a human
overseer to propose mitigating decisions to resource control
devices 510, or to impose mitigating actions manually.

With reference now to FIG. 6, an illustrative flow-diagram
depicting a routine 600 for managing a multiple a multiple
workflow group environment is depicted. This routine may be
carried out, for example, by one or more a resource control
devices 510 of FIG. 5. At step 602, a resource control device
510 may determine that corresponding computing resource
530 is overloaded, exhausted, or otherwise unavailable, or is
potentially in danger of becoming unavailable. Such unavail-
ability may occur, for example, during period of peak use of
the workflow group 500 including the computing resource
530, because of a failure in one or more devices of the work-
flow group 500, because of a power outage or natural disaster
occurring near workflow group 500, or for various additional
or alternative reasons.

Thereafter, at block 604, the resource control device 530
may determine availability of similar computing resources
530 from other distinct workflow groups 500. For example, in
some embodiments, a resource control device 510 may be
configured to directly inspect or query computing resources
530 from other workflow groups 500. In other embodiments,
a resource control device 510 may be configured to query
other resource control devices 510 which correspond to the
similar computing resources 530 in order to determine their
availability.

Based on the availability of similar computing resources
530, the resource control device 510 may at block 606 deter-
mine a mitigating action. In some instances, where similar
computing resources are unavailable, or near their limit of
availability, no mitigating action may be available. In such
instances, the routine 600 may be configured to notify a
human operator, such as by transmitting a notification to a
workflow group oversight device 550. In other instances, the
resource control device 510 may determine that some
requests for a specific computing resource 530 of a first work-
flow group 500 could be redirected to similar computing
resources 530 of a distinct workflow group 500.

As described above, in some embodiments, a resource
control device 510 may be configured to determine such
mitigating actions without interaction with other resource
controldevices 510. In other embodiments, multiple resource
control devices 510 may interact to collectively determine a
mitigating action. Such collective determination may use any
of a variety of distributed decision making techniques and
algorithms. For example, resource control devices 510 from
various workflow groups 500 may associate into a “council”
of resource control devices 510. These councils may be
formed by all resource control devices 510, or by only
resource control devices 510 which correspond to similar
computing resources 530. Such councils may use distributed
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decision making techniques in order to overcome issues of
overloaded computing resources 530. For example, a council
may be composed of a resource control device 510A, 5108,
and 510C of FIG. 5. The resource control device 510A of
workflow group 500A may determine that a computing
resource 530A is overloaded, unavailable, or predicted to
become overloaded or unavailable in the future. The resource
control device 510A may propose to such a council of
resource control devices 510 that a certain amount of requests
for the computing resource 530A be redirected to computing
resource 530B or 530C. Resource control device 510B and
510C may determine their availability of corresponding com-
puting resources 530B and 530C and collectively agree to or
reject such a proposal. In some instances, computing
resources 530B and 530C may also be overloaded, or in
danger of becoming overloaded. As such, the resource control
devices 510 may collectively decide that redirection of access
requests from group 500A to groups 500B or 500C should not
be allowed, since corresponding computing resources 530 are
not available.

In some embodiments, decisions of one or multiple
resource control device 510 may have continuing future
effect. Illustratively, in the example above, where resource
control device 510A is requesting access to computing
resources 5308 and 530C, a decision to not allow such access
may be effective for a set duration of time. For instance,
requests from resource control device 510A to access com-
puting resources 530B and 530C may be automatically
denied for some specified period of time. In some embodi-
ments, resource control devices 510 may be configured to
prevent transmission of such access requests during the speci-
fied period of time. Such prevention may, for example, reduce
the overall number of group access requests in situations
where a large number of computing resources 530 are over-
loaded or in danger of becoming overloaded.

At block 606, if a mitigating action has been determined,
the mitigation action may optionally be proposed to an over-
sight device, such as workflow group oversight device 550 of
FIG. 5. As described above, such a workflow group oversight
device 550 may be configured to accept or reject mitigating
action proposals based on the input of a human operator. If the
workflow group oversight device 550 approves the mitigating
action, the routine may continue at block 610. Otherwise, the
routine may end at block 612.

Atblock 610, the determined mitigation action is enforced
by the resource control devices 510. For example, requests
from server computing devices 506 from a first workflow
group 500 to access computing resources 530 from a first
workflow group 500 may be redirected to corresponding
resource control devices 510 of a second workflow group 510.
After a mitigating action has been enforced, the routine 600
may end at block 612.

It will be appreciated by those skilled in the art and others
that all of the functions described in this disclosure may be
embodied in software executed by one or more processors of
the disclosed components and mobile communication
devices. The software may be persistently stored in any type
of non-volatile storage.

Conditional language, such as, among others, “can,”
“could,” “might,” or “may,” unless specifically stated other-
wise, or otherwise understood within the context as used, is
generally intended to convey that certain embodiments
include, while other embodiments do not include, certain
features, elements, and/or steps. Thus, such conditional lan-
guage is not generally intended to imply that features, ele-
ments and/or steps are in any way required for one or more
embodiments or that one or more embodiments necessarily
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include logic for deciding, with or without user input or
prompting, whether these features, elements and/or steps are
included or are to be performed in any particular embodi-
ment.

Any process descriptions, elements, or blocks in the flow
diagrams described herein and/or depicted in the attached
figures should be understood as potentially representing mod-
ules, segments, or portions of code which include one or more
executable instructions for implementing specific logical
functions or steps in the process. Alternate implementations
are included within the scope of the embodiments described
herein in which elements or functions may be deleted,
executed out of order from that shown or discussed, including
substantially concurrently or in reverse order, depending on
the functionality involved, as would be understood by those
skilled in the art. It will further be appreciated that the data
and/or components described above may be stored on a com-
puter-readable medium and loaded into memory of the com-
puting device using a drive mechanism associated with a
computer readable storing the computer executable compo-
nents such as a CD-ROM, DVD-ROM, or network interface
further, the component and/or data can be included in a single
device or distributed in any manner. Accordingly, general
purpose computing devices may be configured to implement
the processes, algorithms, and methodology of the present
disclosure with the processing and/or execution of the various
data and/or components described above.

It should be emphasized that many variations and modifi-
cations may be made to the above-described embodiments,
the elements of which are to be understood as being among
other acceptable examples. All such modifications and varia-
tions are intended to be included herein within the scope of
this disclosure and protected by the following claims.

What is claimed is:

1. A computer-implemented method comprising:

prior to loading a target operating system of a computing

device implementing the method:
receiving, from a workflow controller computing
device, a resource dependent worktflow comprising a
plurality of workflow stages for configuring the com-
puting device, each of the plurality of workflow stages
associated with access to at least one computing
resource, wherein the workflow controller computing
device is configured to instruct a plurality of comput-
ing devices, including the computing device, to
attempt to implement the resource dependent work-
flow without guaranteeing access to the at least one
computing resource on which implementation of each
workflow stage depends; and
for each of the plurality of workflow stages:
determining the at least one computing resource on
which implementation of the workflow stage is
dependent;
requesting, from a resource control computing device
associated with the at least one computing
resource, authorization to access the at least one
computing resource, wherein the resource control
computing device is configured to allocate access
by the plurality of computing devices to the at least
one computing resource during attempted imple-
mentation of the workflow stage of the resource
dependent workflow by the plurality of computing
devices and wherein the at least one computing
resource comprises a storage device storing the
target operating system, a portion of the target oper-
ating system, one or more applications, one or more
updates, or one or more device drivers;
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receiving from the resource control computing device
an indication of whether access to the at least one
computing resource is granted, wherein grant of
access to the at least one computing resource is
determined in accordance with historical informa-
tion regarding a plurality of computing devices
implementing the resource dependent workflow;

ifthereceived indication indicates that access to the at
least one computing resource is granted, process-
ing the workflow stage at least in part by accessing
the at least one computing resource and installing
the targeting operating system, the portion of the
target operating system, the one or more applica-
tions, the one or more updates, or the one or more
device drivers; and

ifthereceived indication indicates that access to the at
least one computing resource is denied, delaying
the processing of the workflow stage.

2. The computer-implemented method of claim 1, wherein
delaying the processing of the workflow stage includes
executing at least one responsive action.

3. The computer-implemented method of claim 2, wherein
the at least one responsive action comprises repeatedly trans-
mitting a signal indicating that the processing of the workflow
stage has been delayed.

4. The computer-implemented method of claim 2, wherein
the atleast one responsive action includes causing a reduction
in resource usage.

5. The computer-implemented method of claim 2, wherein
the atleast one responsive action includes causing a reduction
in power.

6. The computer-implemented method of claim 1, wherein
delaying the processing of the workflow stage includes enter-
ing a defined state.

7. The computer-implemented method of claim 6, wherein
the defined state is indicated by the resource control comput-
ing device.

8. The computer-implemented method of claim 6, wherein
the defined state is corresponds to at least one of pending,
parking, or dormant.

9. A computer-implemented method for managing
resource dependent worktlows, the method comprising:

receiving, during initialization of a computing device, a

request from the computing device for authorization to
access a computing resource on which at least one work-
flow stage of a resource dependent workflow is depen-
dent, wherein the resource dependent workflow corre-
sponds to a routine for configuring the computing
device, and wherein the computing resource comprises a
storage device storing an operating system, a portion of
the operating system, one or more applications, one or
more updates, or one or more device drivers;

obtaining historical information regarding availability of

the computing resource during implementation of the at
least one workflow stage by a historical set of computing
devices implementing the resource dependent work-
flow;

determining whether to grant authorization to the comput-

ing device to access the computing resource based at
least in part on an allocation of the computing resource
to a plurality of computing devices, including the com-
puting device, implementing the at least one worktlow
stage, the allocation determined, in part, on the historical
information;

if it is determined that the computing device is granted

authorization to access the computing resource, trans-
mitting to the computing device instructions to process

10

15

20

25

30

35

40

45

50

55

60

65

20

the at least one workflow stage at least in part by access-
ing the computing resource, wherein processing the at
least one workflow stage comprises installing the target-
ing operating system, the portion of the target operating
system, the one or more applications, the one or more
updates, or the one or more device drivers; and

if it is determined that the computing device is denied
authorization to access the computing resource, trans-
mitting to the computing device an indication that autho-
rization to access the computing resource is denied and
instructions to delay implementation of the at least one
workflow stage.

10. The computer-implemented method of claim 9,
wherein the received request is received via a proxy controller
computing device.

11. The computer-implemented method of claim 9,
wherein determining whether to grant authorization to the
computing device to access the computing resource includes
determining a number of distinct computing devices that have
requested authorization to access to the computing resource.

12. The computer-implemented method of claim 9,
wherein transmitting to the computing device a instructions to
process the at least one worktlow stage at least in part by
accessing the computing resource may only occur if the num-
ber of computing devices accessing the computing resources
is below a maximum number of computing devices that may
access the computing resource.

13. The computer-implemented method of claim 12 further
comprises, subsequent to transmitting to the computing
device instructions to process the at least one worktlow stage
at least in part by accessing the computing resource:

determining an updated number of computing devices
accessing the computing resource;

if the determined updated number of computing devices is
above the threshold level, increasing the maximum num-
ber of computing devices that may access the computing
resource.

14. The computer-implemented method of claim 9 further
comprising updating the historical information based on the
determination of whether to grant authorization to the com-
puting device to access the computing resource.

15. A system comprising:

a computing device in communication with a workflow
controller device configured to instruct a plurality of
computing devices, including the computing device, to
attempt to implement a resource dependent workflow
comprising at least one workflow stage for configuring
the computing device without guaranteeing access to at
least one computing resource on which implementation
of at least one worktlow stage depends, the computing
device, prior to loading a target operating system, con-
figured to:
receive, from the workflow controller computing device,

the resource dependent workflow; and

for each of the at least one workflow stages:

determine the at least one computing resource on
which implementation of the workflow stage is
dependent;

request, from a resource control computing device
associated with the at least one computing
resource, authorization to access the at least one
computing resource, wherein the resource control
computing device is configured to allocate access
by the plurality of computing devices to the at least
one computing resource during attempted imple-
mentation of the workflow stage by the plurality of
computing devices, and wherein the at least one
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computing resource comprises a storage device
storing the target operating system, a portion of the
target operating system, one or more applications,
one or more updates, or one or more device drivers;

receive from the resource control computing device
an indication of whether access to the at least one
computing resource is granted, wherein grant of
access to the at least one computing resource is
determined based on an allocation access to the at
least one computing resource to the plurality of
computing devices, the allocation reflective of pre-
vious implementation of the workflow stage by a
historical set of computing devices;

ifthereceived indication indicates that access to the at
least one computing resource is granted, process
the workflow stage at least in part by accessing the
at least one computing resource and installing the
targeting operating system, the portion of the target
operating system, the one or more applications, the
one or more updates, or the one or more device
drivers; and

ifthereceived indication indicates that access to the at
least one computing resource is denied, pause pro-
cessing of the workflow stage.

16. The system of claim 15, wherein the first computing
device is further configured to, subsequent to processing the
workflow stage, receive an instruction to process a next work-
flow stage.

17. The system of claim 15, wherein pausing the process-
ing of the workflow stage comprises executing at least one
responsive action.

18. The system of claim 15, wherein pausing the process-
ing of the workflow stage comprises entering a defined state.

19. A system comprising:

at least one resource control device associated with at least

one computing resource on which a workflow stage of a
resource dependent workflow is dependent, wherein the
at least one computing resource comprises a storage
device storing an operating system, a portion of the
operating system, one or more applications, one or more
updates, or one or more device drivers, wherein the at
least one resource control device is in communication
with a computing device of a plurality of computing
devices attempting to implement the resource dependent
workflow, and wherein the at least one resource control
device is configured to:
receive, during initialization of a first computing device
of the plurality of computing devices, a request from
the first computing device for authorization to access
the at least one computing resource, wherein the
request is received in conjunction with the computing
device processing the workflow stage, wherein the
workflow stage corresponds to at least a portion of a
routine for configuring the computing device;
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obtain information regarding previous implementation
of'the workflow stage by a historical set of computing
devices;

determine whether to grant authorization to the comput-
ing device to access the at least one computing
resource based at least in part on an allocation of the at
least one computing resource to the plurality of com-
puting devices, the allocation determined, in part, on
the information regarding previous implementation
of the workflow stage by the historical set of comput-
ing devices;

if it is determined that the computing device is granted
authorization to access the at least one computing
resource, transmit to the computing device instruc-
tions to process the workflow stage at least in part by
accessing the at least one computing resource,
wherein processing the at least one workflow stage
comprises installing the targeting operating system,
the portion of the target operating system, the one or
more applications, the one or more updates, or the one
or more device drivers; and

if it is determined that the computing device is denied
authorization to access the at least one computing
resource, transmit to the computing device instruc-
tions to delay the workflow stage.

20. The system of claim 19, wherein the at least one
resource control device is further configured to determine a
number of distinct computing devices that are predicted to
request access to the at least one computing resource, the
prediction of access based on the information regarding pre-
vious implementation of the workflow stage by the historical
set of computing devices.

21. The system of claim 19, wherein the at least one
resource control device is further configured to determine an
availability of at least one of bandwidth, processing power,
electrical power, non-persistent memory or persistent
memory of the at least one computing resource.

22. The system of claim 19, wherein the at least one
resource control device is further configured to determine a
future predicted availability of at least one of bandwidth,
processing power, electrical power, non-persistent memory
or persistent memory of the at least one computing resource.

23. The system of claim 19, wherein the instructions to at
least temporarily halt the workflow stage comprise instruc-
tions to execute at least one responsive action.

24. The system of claim 19, wherein the at least one respon-
sive action comprises repeatedly transmitting a signal indi-
cating that the processing of the workflow stage has been
delayed.

25. The system of claim 19, wherein the at least one respon-
sive action comprises entering into a defined state.

#* #* #* #* #*



